of their great specificity, are among the most valuable analytic tools at the disposal of the chemist.
The method for glucose here described represents an adaptation of such biologic reagents and is a distinct departure from sugar methods now in common use. It is based upon a unique principle communicated to us by Keston (1) prior to publication (2) . Traditional methods for glucose depend upon its reducing reactions and are generally based upon the classic work of Benedict (3), Folin and Wu (4), and Hagedorn and Jensen (5) . The conspicuous success of these procedures and their resistance to fundamental revision indicates that they will not soon be replaced.
This fact does not, however, minimize our constant need for new alternative procedures that possess special advantages of their own. The enzymatic method is based upon beta glucose oxidase or "notatin," discovered in 1928 by Muller (6) If the reagent fails to detect this amount of glucose it should be discarded.
Procedure for Glucose Detection:
The method of glucose detection for urine screening follows. Place 1 drop of the combined glucose reagent in the center of a ifiter paper square to give a wet reagent spot about #{189} inch in diameter. With a dropper place a spot of the urine to be tested at the outer edge of the reagent, taking care not to let the urine flow across the reagent spot but only to pass into it by capillary attraction in the paper. The appearance of a blue color in the reagent spot within 4 minutes is an indication that glucose is present. Such specimens are reserved for the quantitative evaluation of glucose. The speed and intensity of the color reaction are related to the glucose concentration but the relationship is disturbed by the interference of several factors. Most significant is the presence in urine of inhibiting substances that occur in variable amount. Uric acid is the principal inhibitor.
For this reason the spot test is always more sensitive to pure glucose solutions than it is to any urine sample. When the test is done with pure glucose, a solid blue area is formed in the reagent spot wherever glucose has penetrated it. With urines, only a blue band of color is obtained on the edge of the urine spot as it moves into the reagent area. The inhibitors, fortunately, travel slower than the glucose and these tend to decolorize the reagent spot behind the advancing glucose front. it is clear, therefore, why the reagent spot must never be flooded with urine in the test; otherwise inhibitor would flood the whole area and might be sufficient to obscure the glucose test entirely.
QUANTITATIVE METHOD FOR URINE GLUCOSE
Reagents and Materials: 
Procedure:
The method may be applied to serum or whole blood only after removal of protein.
Tungstic acid filtrates cannot be used, but the Somogyi zinc filtrates made by using barium hydroxide as the alkali are free of metallic ions and therefore satisfactory. Blood samples in which 10 mg. sodium fluoride and 1 mg. mercuric chloride per ml. have been used as preservative and antocoagulant are suitable. In a 15-ml. centrifuge tube place 4.5 ml. of water and mix with this 0.3 ml. of blood. Add 0.6 ml. of 0.3 N barium hydroxide solution, mix and let stand a minute or two until it turns brown. Then add 0.6 ml. of 5 per cent zinc sulfate with mixing. After 5 minutes, centrifuge and use 1 ml. of the clear supernatant for analysis in the identical manner described above for diluted urine except that the step of treating with charcoal and Lloyds reagent is omitted. The following formula is used to calculate the glucose concentration in the original blood:
O.D. unknown x 100 = mg. per cent glucose in blood.
O.D. standard

A NOTE ON THE ASSESSMENT OF PEROXIDASE ACTIVITY IN HORSERADISH ROOT EXTRACTS
Lyr (16) has described a useful method for determining peroxidase activity that we have adapted for control of the potency of horse-radish root extracts.
The procedure is based on the ability of peroxidase to promote oxidation of ascorbic acid by hydrogen peroxide. Ascorbic acid is oxidized preferentially by this system and when it is completely converted to dehydroascorbic acid the peroxideperoxidase system will turn benzidine indicator blue, thus marking the end point of the ascorbic acid oxidation. The speed of the reaction is related to peroxidase activity. The adapted procedure of Lyr follows.
All reagents are brought to 25#{176} and held in a water bath at this temperature;
the reaction is also carried out in this bath. In a test tube place 1 ml. of the extract to be tested and add 1 ml. of a 0.02 per cent At the moment this is added timing is started with a stop watch. The mixture is placed in the bath and gently agitated by bubbling a slow stream of air through it. The solution is observed to obtain the exact time of appearance of the abrupt change from colorless to blue. Horseradish root extracts suitable for the glucose procedures give the above described color reaction in from 1 to 2 minutes. Where extracts are more potent than this they may be used more economically for glucose detection by further diluting them. Extracts of usable potency have always been obtained by the method described above.
RESULTS AND DISCUSSION
EVALUATION OF THE QUALITATIVE TEST
The validity of the enzymatic spot test for use in screening urine samples for glucose has been assessed by comparison with 2 other methods.
The first, used for many years by life insurance laboratories, was devised by Benedict (17 The test provides for comparison against 5 permanent visual color standard tubes ranging from 0.1 to 0.5 per cent glucose. Higher glucose levels are assessed by dilution to proper range. Long experience with the procedure has proven that when the 0.3 per cent level is indicated, "true glucose" is extremely likely to be present in the urine. However, at this or even higher readings glucose may be absent. Comparison of this procedure with the enzymatic test on a selected group of 1,600 urines is presented in Table 1 . These urines were chosen because they fell in the "doubtful" range of the picric acid method, where reduction is substantial but the presence of true glucose is uncertain.
The results show that as the picrate reduction level rises the percentage of specimens responding to the enzymatic test rises and the intensity of those giving a positive reaction also increases.
At the 0.25 per cent level indicated by the picrate method only 14.4 per cent of the samples react to the enzyme test, but at the 0.50 per cent picrate level 84.0 per cent are enzyme positive. This distribution is consistent with the fact that the enzymatic test is specific and precise.
The second method used for comparison with the enzyme spot test was the qualitative copper reduction test of Benedict (18) . Table 2  presents a summary of findings in 500 random urine specimens. Agreement between the 2 tests is very good. In a few instances the enzymatic reagent gave a slight positive reaction with the Benedict reagent negative, suggesting that the enzyme test is of even greater sensitivity than the copper reagent.
In a few instances a positive Benedict test and a negative enzyme test can be explained on the basis that the Benedict test is not a specific one and may respond to reducers other than glucose.
The possibility existed, however, that the enzymatic test might fail in certain urines that might contain enough inhibitor to be capable of preventing entirely the reaction with glucose. To examine this point more fully we have selected 53 urine specimens showing from 0.35 to 1.0 per cent glucose by the picrate test but which were negative to the enzyme spot test. These urines were reexamined by the picrate test after exposure to yeast to determine whether the picrate-reducing material was fermentable.
Furthermore the urines were used to dilute a glucose standard to determine how small an amount of added true glucose would be still detectable by the enzyme test. The results of these examinations are presented in Table 3 . The study shows that picrate and enzyme reactions disagree in the lower range of values where the picrate method is notably unreliable. Fermentation tests showed that 48 of the 53 urines when treated with yeast failed to lose any of the picric acid-reducing power. But it seems unlikely that even in the 5 cases where a decrease occurred with yeast that the substance in question was really glucose. Thus in the dilution experiment none of the urines showed inhibition that would mask as little as 0.03 per cent added glucose and in most instances the sensitivity was greater than this. It seems unlikely, therefore, that the enzymatic test as here described would miss detecting any significant level of urinary glucose.
THE QUANTITATIVE METHOD FOR URINE GLUCOSE
The quantitative procedure was studied in regard to the relationship between glucose concentration and optical density measured by spectrophotometer. Figure 1 shows that color intensity obtained for various times of reaction up to 60 minutes falls on a series of straight lines when plotted against glucose concentration.
As will be seen, the color intensity changes with time as the enzymatic reaction proceeds.
It may be desirable to stop the reaction and stabilize the color at a specified time. This can be done by adding to each tube, at the correct moment, 3 drops of 6 N hydrochloric acid. This shifts the pH to an unfavorable one, stops the reaction, and at the same time changes the color to much yellower, due to the fact that the colored product from orthoanisidine is itself an acid base indicator. Thus the optical density at 440 m is decreased by acidification. This is ifiustrated in Fig. 2, which The most critical problem in applying this method to urine is in the removal of inhibiting substances prior to the enzyme reaction. Most important to remove is uric acid and for this purpose activated charcoal is effective. However, we find as did Folin (19) that charcoal also effectively removes glucose and it may not be used, as recommended by Hugget and Nixon (14) , unless the amount be sharply restricted. We have found after many tests that uric acid and other inhibitors are best removed by a combination of Lloyds reagent and the maximum permissible amount of charcoal. These are more useful in combination than either alone. Table 4 demonstrates that the glucoseabsorbing power of charcoal is appreciable and that only restricted use is permissible if valid determinations are to result. Finally, before adopting the combination of activated charcoal and Lloyds reagent, a test was made of these combined adsorbents to determine the recovery of glucose added in standard amounts to glucose-free urines. A typical recovery test is presented in Table 5 .
THE QUANTITATIVE METHOD FOR BLOOD GLUCOSE
For an evaluation of the enzymatic method applied to blood sugar a comparison has been made of values obtained in the same blood with 2 other commonly used methods; the ferricyanide reduction method of Folin and Malmros (20) and the Nelson (13) modification of Somogyi method. They were applied to blood preserved with sodium fluoride and mercuric chloride for several days after the samples were drawn. The results are given in Table 6 . It appears that the enzymatic method, which reacts only with glucose, is generally in good agreement with the Nelson values, and this is consistent with the fact that alkaline zinc blood filtrates used in the Nelson method contain no reducing substances other than glucose. Higher values are consistently given by tungstic acid filtrates with the less specific Folin and Malmros method in all bloods in which the sugar was below 150 mg. per 100 ml. In the bloods with higher sugar concentrations the Folin method has given lower values than the other methods. This is due presumably to the fact that the higher intensities of Prussian blue do not seem to follow Beer's law. The study demonstrates the reli-of hydrogen peroxide from glucose during its oxidation by glucose oxidase. The peroxide is detected by a suitable indicator in the presence of horseradish root peroxidase. 3. The results yielded by the new procedures have been compared with those obtained by other accepted methods.
